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. $\sigma=(\sigma_{1}, \sigma_{2}, \sigma_{3})$ $2\cross 2$ Pauli $\sigma_{\mu}\sigma_{\nu}=i\sum_{\lambda=1}^{3}\epsilon^{\lambda,\iota\nu}\sigma_{\lambda}$
, $\epsilon^{\lambda\mu\nu}$ Levi-Civit\‘a $\epsilon^{123}=1$ . $\sigma_{l^{l}}$
$=$0 ,
$\sigma_{i}\sigma_{j}+\sigma_{j\prime}\sigma_{i}=2\delta_{ij}I_{2}$
1696 2010 119-143 119
. $h$
$e^{-t\prime\iota}$ , $t\geq 0$ ,
[ALS83, HIL09]. [ARS91] noii-local





. $f(u)=\sqrt{2u+m^{2}}-rrl$ $F$ (1) $f\in C^{\infty}((O, \infty)),$ (2) $f(u)\geq 0$ ,
(3) $(-1)^{n} \frac{\theta^{l}f}{du^{n}}\leq 0,$ $n\geq 1$ , . (1) -(3)
Bernstein . $\Psi$ Bernstein
:
$H^{\Psi}= \Psi(\frac{1}{2}(\sigma\cdot(p-a))^{2})+\iota_{/}^{\gamma}$ . (13)
.





$\mathcal{B}=\{f\in C^{\infty}((0, \infty))|f(x)\geq 0,$ $(-1)^{n}( \frac{d^{n}f}{dx^{n}})(x)\leq 0$ , $\forall n\in \mathbb{N}\}$
. $\mathcal{B}$ Beriistein . $\mathcal{B}_{0}$ :
$\mathcal{B}_{0}=\{f\in \mathcal{B}|\lim_{uarrow 0+}f(u)=0\}$ .
Bernstein . $\mathcal{B}_{0}$ (a) $\Psi(u)=$
$cu^{\alpha},$ $c\geq 0,$ $\alpha\in(0,1],$ $(b)\Psi(u)=1-e^{-au},$ $a\geq 0$ . , $\mathcal{L}$ $\mathbb{R}\backslash \{0\}$
$\lambda$ :
(1) $\lambda((-\infty, 0))=0$, (2) $\int_{1k\backslash \{0\}}(y\wedge 1)\lambda(dy)<\infty$.
$\lambda\in \mathcal{L}$ $\int_{R\backslash \{0\}}(y^{2}\wedge 1)\lambda(dy)<\infty$ , $L\acute{e}\iota^{r}y$ . $\mathbb{K}_{+}=[0, \infty)$




$(b.\lambda)\in \mathbb{R}_{\vdash}\cross \mathcal{L}$ $($ 1.4) $\mathcal{B}_{0}$ .
$\mathcal{B}_{0}arrow \mathbb{R}\vdash\cross \mathcal{L}$ , $\Psi\mapsto(b, \lambda)$
1 1 .
1.2 (L\’evy subordinator) $(\Omega_{\nu}, \mathcal{F}_{\nu}, \nu^{0})$ $(T_{t})_{t\geq 0}$
subordinator .
(1) $(T_{t})_{t\geq 0}$ L\’evy , $\nu^{0}(To=0)=1$ ;
(2) $T_{t}$ $t$ .
Subordinator L\’evy . $S$ $(\Omega_{\nu}, \mathcal{F}_{\nu}, \nu^{0})$
subordinator . , $x$ $m^{x}$
$\iota$
$[ \cdots]=\int\cdots(f_{\mathfrak{l}}m^{x}$ . .
13 $\Psi\in \mathcal{B}_{0}$ . $(T_{t})_{t\geq 0}\in S$ – :
$E_{\nu}^{0}[e^{-uT_{t}}]=e^{-t\Psi(u)}$ . (15)
$(T_{t})_{t\geq 0}\in S$ . $\Psi\in \mathcal{B}_{0}$ (1.5) .
$S,$ $\mathcal{B}_{0},$ $\mathbb{R}_{+}\cross \mathcal{L}$ -1. . $T_{t}^{\Psi}\in S$ $\Psi\in \mathcal{B}_{0}$









2.1 $a=(a_{1}, \ldots, a_{d})$ $a_{t^{\iota}}$ . :
(Al) $a\in(L_{1oc}^{2}(\mathbb{R}^{d}))^{d}$ .
(A2) $a\in(L_{1oc}^{2}(\mathbb{R}^{d}))^{d},$ $\nabla\cdot a\in L_{1oc}^{1}(\mathbb{R}^{d})$ .
(A3) $a\in(L_{1oc}^{4}(\mathbb{R}^{d}))^{d},$ $\nabla\cdot a\in L_{1oc}^{2}(\mathbb{R}^{d})$ .
$($A4$)$ $d=3,$ $a\in(L_{1oc}^{4}(\mathbb{R}^{3}))^{3},$ $\nabla\cdot a\in L_{1oc}^{2}(\mathbb{R}^{3})$ $\nabla\cross a\in(L_{1oc}^{2}(\mathbb{R}^{3}))^{3}$ .
(Al) 2 . (A2)
FK . (A3) $h$
. (A4) .
$\partial_{\mu}$ : $\mathcal{D}’(\mathbb{R}^{d})arrow \mathcal{D}’(\mathbb{R}^{d}),$ $\mu=1,$ $\ldots,$ $d$ , .
$p_{\mu}=-i\partial_{\{l},$ $D_{\mu}=p_{\mu}-a_{/l}$ . 2 $q$
$q(f, g)= \sum_{\iota=1}^{3}(D_{\mu}f, D_{\mu}g)$ (21)
121
,$Q(q)=\{f\in L^{2}(\mathbb{R}^{d})|D_{\mu}f\in L^{2}(\mathbb{R}^{d}), \mu=1, \ldots, d\}$
. $q$ 2 , $h$
:
$(hf, g)=q(f, g)$ , $f\in D(h)$ , $g\in Q(q)$ . (2.2)
$h$
$D(h)=\{f\in Q(q)|q(f, \cdot)\in L^{2}(\mathbb{R}^{d})’\}$
. $f\iota$ . [LS81]
.
22 (1) $(A1)$ . $C_{0}^{\infty}(\mathbb{R}^{d})$ 2 $q$ .
(2) $(A3)$ . $C_{0}^{\infty}(\mathbb{R}^{d})$ $h$ .
$\Psi\in \mathcal{B}_{0}$ .
23 (1) $(A1)$ . $C_{0}^{\infty}(\mathbb{R}^{d})$ 2 $\Psi(f\iota)$
.
(2) $(A3)$ . $C_{0}^{\infty}(\mathbb{R}^{d})$ $\Psi$ ( ) .
24( ) $(Al)$ . $\Psi\in \mathcal{B}_{0}$ $V$
H$\Psi=\Psi$ ( ) $+$ V (2.3)
.
FK $\int_{0}^{t}a(B_{s})\cdot dB_{s}$ .
. $(\Omega_{P}, \mathcal{F}_{P}, dP^{x})$ , $(B_{t})_{t\geq 0}$





. 2.1 $a$ (2.4) .
. $f=(fi, \ldots, f_{d})$ $t\geq 0$
$P^{x}( \int_{0}^{t}|f(B_{s})|^{2}ds<\infty)=1$ $\mathcal{E}_{1oc}$ .
$(\omega$ $)$ $=n \wedge\inf\{t\geq 0|\int_{0}^{t}|f(B_{s}(\omega))|^{2}ds\geq n\}$
122
$\mathcal{F}_{t}^{P}=\sigma(B_{s}, 0\leq s\leq t)$ . $f_{n}(6, \omega)=f\cdot(B_{s}(\omega))1_{\{tt_{n}(\omega)>s\}}$
$lh^{\backslash }1_{0}^{\infty}|f_{\mathfrak{l}l}(s, \omega)|^{2}d|s=/_{0}^{R_{\tau\iota}}|f_{n}(s,\omega)|^{2}d_{c}s\leq r\iota$ . $F$”P $[1_{0}^{t}|f_{7l}|^{2}ds]<\infty$
$\int_{0}^{t}f_{r\iota}\cdot dB_{s}$ ,
$\int_{0}^{t\wedge R_{m}}f_{n}(s,\omega)\cdot dB_{s}=\int_{0}^{t}f_{rrl}(s,\omega)\cdot dB_{s}$ (2.5)
$m<n$ . $f\in \mathcal{E}_{1}$ $c$ .
$\int_{0}^{t}f(B_{s})\cdot dB_{s}=\int_{0}^{t}f_{n}(s,\omega)\cdot dB_{s}$, $0\leq t\leq R_{r\iota}$ (2.6)
. (2.5) . $\mathcal{E}_{1oc}$ :
(1) $f\in \mathcal{E}_{1oc}$ . $]$Ot $|$ fr$\iota$ (Bs)–f(Bs) $|$2ds $arrow$ 0 in prob.
: $1in1_{llarrow\infty}/0^{{}^{t}f_{n}(B_{s}.)\cdot dB_{s}=}/o^{f(B_{s})\cdot dB_{S}}t$ in prob.
(3) $a$ (A2) :
(2) $(L_{1oc}^{2}(\mathbb{R}^{d}))^{d}\subset \mathcal{E}_{1oc}$ .
$| \int_{0}^{t}a(B_{s})\cdot dB_{s}+\frac{1}{2}\int_{0}^{t}\nabla\cdot a(B_{s})ds|<\infty$ $a$ . $s$ .
$a\in(L_{1oc}^{2}(\mathbb{R}^{d}))^{d}$ $e^{-th}$
. $(A2)$ $a$ ,
$\int_{0}^{t}a(B_{s})\circ dB_{s}=\int_{0}^{t}a(B_{s})\cdot dB_{s}+\frac{1}{2}\int_{0}^{t}\nabla\cdot a(B_{s})ds$
. Feynman-Kac- It\^o .
25 $(A2)$ . :
$(f, e^{-th}g)= \int_{R^{d}}dxF_{P}[\overline{f(B_{0})}g(B_{t})e^{-i\int_{0}^{t}a(B_{s})\circ dB_{s}}]$ . (2.7)




26 $($FK ) $\Psi\in \mathcal{B}_{0},$ $V\in L^{\infty}(\mathbb{R}^{d})$ . $(A2)$ .
:
$(f, e^{-tH^{\Psi}}g)= \int_{IR^{d}}dx\mathbb{P}_{P\cross\nu}^{0}[\overline{f(B_{0})}g(B_{T_{t}^{\Psi}})e^{-i\int_{0}^{T^{\Psi}}{}^{t}a(B_{*})\circ dB_{S}}e^{-\int_{0}^{t}V(B_{T_{s}^{\Psi}})ds}]$ . (2.8)
123
: $T^{\Psi}$ $T$ .
(Step 1) $V=0$ . :




$(f, e^{-t\Psi(\prime\iota)}g)=\mathbb{E}_{\nu})[(f, e^{-1_{t}\prime\iota}" g)]$
, Feynman-Kac-It\^o
$(f, e^{-l\Psi(h)}g)= P_{\nu}[\int_{\mathbb{R}^{d}}dxF_{P}[\overline{f(B_{0})}g(B_{T_{l}})e^{-i\int_{0}^{T_{t}}a(B_{s})\circ dB_{s}}]]$
. (2.9) .
(Step 2) $0=t_{0}<t_{1}<\cdots<t_{r\iota},$ $f_{0},$ $f_{r\iota}\in L^{2}(\mathbb{R}^{d})$ . $f_{j}\in L^{\infty}(\mathbb{R}^{d}),$ $j=1,$ $\ldots,$ $n$ ,
. :
$(f_{0}, \prod_{j=1}^{n}e^{-(t_{j}-t_{j-1})\Psi(h)}f_{j})=\int_{R^{d}}dx\mathbb{E}_{P\cross\nu}^{r,0}[\overline{f_{0}(B_{0})}(\prod_{j=1}^{r\iota}f_{j}(B_{\tau_{\iota_{j}}}))e^{-i)_{0}^{T}{}^{t}a(B_{s})\circ dB_{s}}]$ .
(2.11)
$G_{j}( \cdot)=f_{j}(\cdot)(\prod_{i=j+1}^{n}e^{-(t_{i}-t_{i-1})\Psi(h)}f_{i})(\cdot)$ . (Step 1)
$\int_{ti^{d}}dx\mathbb{P}_{P\cross\nu}^{0}[\overline{f_{0}(B_{0})}e^{-i\int_{0}^{z_{t-t}^{\backslash }}}\iota 0_{a(B_{S})odB_{\epsilon}}G_{1}(B_{1_{t_{1}-t_{0}}})]$












$= \int_{R^{d}}dx\mathbb{P}_{P\cross\nu}^{0}[\overline{f_{0}(B_{0})}e^{-i\int_{0}^{I_{t_{1}}}a(B_{S})odB_{s}}" f_{1}(B_{T_{t_{1}}})e^{-i\int_{\tau_{\iota_{1}}^{t_{2}}}^{?}a(B_{\theta})\circ dB_{8}}G_{2}(B_{T_{t_{2}}})]$
. (2.11) .
(Step 3) $V$ $0\neq V\in L^{\infty}$ . (2.8) .
$(f, e^{-tH^{\Psi}}g)=1i_{I}n_{narrow\infty}(f, (e^{-(t’ r\iota)\Psi(h)}e^{-(t/r\iota)V})^{n}g)$ , (Step 2)
$(f, e^{-tH^{\Psi}}g)=1 \underline{i}n1r\iota\rangle\infty\int_{\mathbb{R}^{d}}dx\cdot E_{P\cross\nu}^{x,0}[\overline{f(B_{0})}g(B_{2_{\dot{t}}})e^{-iJ_{0}^{T}{}^{t}a(B_{s})\circ dD_{s}}e^{-\Sigma_{j=1(t’ n)V(Bz)}^{n}}tj/r]$




(Step 4) $V\in L^{\infty}$ . $l^{\gamma_{n}}=\phi(x’ r\iota)(V*j_{n})$ . $j_{n}=7l^{d}\phi(xn)$
$\phi\in C_{0}^{\infty}(\mathbb{R}^{d}),$ $0\leq\phi\leq 1,$ $\int\phi(x)dx=1,$ $\phi(0)=1$ .
, $V_{r\iota}(x)arrow V(x)(narrow\infty)$ $x\not\in \mathcal{N}$ . $\mathcal{N}$
. $(\omega, \tau)\in Il_{P}\cross\Omega_{N}$ ,
$\{t\in[0,$ $\infty)|B_{?\iota(\tau)}(\omega)\in \mathcal{N}\}$ .
$\int_{CR^{d}}dx\mathbb{E}_{P\cross\nu}^{r,0}[\overline{f(B_{0})}g(B_{T_{t}})e^{-i\int_{0}^{7^{\tau}}{}^{t}a(B_{8})\circ dB_{s}}e^{-\int_{0}^{t}V_{n}(B_{T_{S}})ds}]$
$arrow]_{\mathbb{R}^{d}}dx\mathbb{P}_{P\cross\nu}^{0}[\overline{f(B_{0})}g(B_{T\iota})e^{-i\int_{0}^{T}{}^{t}a(B_{s})\circ dB_{s}}e^{-\int_{0}^{t}V(B_{T_{S}})ds}]$ .








27( ) $\Psi\in \mathcal{B}_{0},$ $V\in L^{\infty}(\mathbb{R}^{d})$ $(A2)$ .
:
$|(f, e^{-tH^{\Psi}}g)|\leq(|f|, e^{-t(\Psi(p^{2}’ 2)+\nu^{r})}|g|)$ .
$\mathcal{E}[\Psi(p^{2}/2)+V]\leq \mathcal{E}[H^{\Psi}]$ .





(1) $|V|$ $\Psi(p^{2}/2)$ 2 $b$ .
$|\nu^{\Gamma}|$ $\Psi$ ( ) 2 $b$
.
(2) $|V|$ $\Psi(p^{2}/2)$ $b$ . $|\nu^{r}|$ $\Psi$ ( )
$b$ .
: 311 .
29 (1) $(A2)$ $V$ $\Psi(p^{2}/2)$ 1
. $\Psi$ ( ) $+$ V D( $\Psi$ ( )) .
$\Psi$ ( ) .
(2) $(A3)$ . $C_{0}^{\infty}(\mathbb{R}^{d})$ $\Psi$ ( ) $+$ V .
: (1) 28 (2) , $t^{\Gamma}$, $\Psi(h)$ 1
, (1) Kato-Rellich . (2) 23 .
28 $\Psi$ ( ) $+$ V 2 . $V=V_{+}-l^{\gamma_{-}}$
, $V_{-}$ 2 $\Psi(p^{2}/2)$ 1 ,
$\Psi$ ( ) 1 . $\in L_{10}^{1}$ $(\mathbb{R}^{d})$
. (Al) , Q( $\Psi$ ( )) $\cap$ Q( ) . 2
.
$q(f, f)=(\Psi(h)^{1\prime 2}f, \Psi(h)^{1\prime 2}f)+(v_{+}^{\gamma^{1\prime 2}}f, V_{+}^{1’ 2}f)-(T_{-f,/}^{r^{1’ 2\cdot 1\prime 2}}\prime 1_{-}’f)$ , (2.12)
Q( $\Psi$ ( )) $\cap Q(V_{+}’)$ . KLMN $q$ 2 .
2 $\Psi$ ( ) $\dotplus$ $\mathcal{V}_{-}^{r}$ .
$V$ FK
. .
2.10 $(A2)$ . $V=\iota_{+}^{r}/-$ $V_{+}\in L_{1oc}^{1}(\mathbb{R}^{d})$ $V_{-}$ $\Psi(\frac{1}{2}p^{2})$
2 1 .
2.6 $\Psi$ ( ) $\dotplus l_{+}^{\gamma}-t_{-}^{\gamma}$ .
2 $D(T)\supset D(S)$ $||Tf||\leq a||Sf||+b||f||$ $f\in D(S)$ . $T$ $S$
. $a$ . 2




$\Psi\in \mathcal{B}_{0}$ $X_{t}$ : $\Omega_{P}\cross\Omega_{\nu}\ni(\omega, \tau)\mapsto B_{J_{t^{\Psi}}(\tau)}(\omega),$ $t\geq 0$ , Levy ,
$E_{P\cross\nu}^{0,0}[e^{iu\lambda_{t}’}|=c^{J^{-\iota\Psi(u^{2}/2)}}$ .
211 $\Psi\in \mathcal{B}_{0}$ $\int_{0}^{\infty}e^{-t\Psi(u^{2}2)_{(fu<\infty,\forall t>0_{f}}}$ .
2.11
$p_{t}(x)= \frac{1}{(2\pi)^{3}}]_{\mathbb{R}^{d}}e^{-ixu}e^{-t\Psi(u^{2}’ 2)}du$ (213)
$\Pi_{\lambda}(x)=\int_{0}^{\infty}e^{-\lambda t}p_{l}(x)dt$
. $||f \Vert_{t^{1}(L^{\infty})}=\sum_{\alpha\in\swarrow_{\lrcorner}’d\sup_{x\in(}}’\ovalbox{\tt\small REJECT}\alpha|f(x)|$ . $C_{\alpha}$ $\alpha\in \mathbb{Z}^{d}$
.
2.12 $Pt$ $\sup_{t>0}||1_{\{|x|>\delta\}p_{t}\Vert_{l^{1}(I_{d})}}\infty<\infty$ .
2.12 .
[CMS90, III.1] .
213 $V\geq 0$ . 2.11 2.12 , 3 .
(1) $1in1i;upt\downarrow 0_{x\in \mathbb{R}^{d}}]_{0}^{t}E_{P\cross\nu}^{x,0}[V(X_{s})]ds=0$ ,
(2) $\lambdaarrow\infty_{x\in \mathbb{R}^{d}}\lim suI)((\Psi(p^{2}/2)+\lambda)^{-1}V)(x)=0$ ,




2.14 ( $\Psi$-Kato ) 2.11 2.12 . $V=V_{+}-V_{-}$ $\Psi$ -Kato
$C\subset \mathbb{R}^{3}$ $\tau_{-}^{\gamma}$ lc 2.13
(1)$-(3)$ .
2.15 $\Psi\in \mathcal{B}_{0}$ $V$ $\Psi$ -Kato . $(A2)$
$U_{t}f(x)=\mathbb{P}_{P\cross\nu}^{0}[e^{-i\int_{0}^{T^{\Psi}}{}^{t}a(B_{s})\circ dB_{8}}e^{-\int_{0}^{t}V(B_{I_{8}^{\Psi}},)ds}f(B_{1_{t^{\Psi}}}\cdot)]$
. $(U_{t})_{t\geq 0}$ $L^{2}(\mathbb{R}^{d})$ 1 $\sim$ .






$\Vert U_{l}f\Vert^{2}\leq C_{\iota}\Vert e^{-t\Psi(I/2)}).f\Vert^{2}\leq C_{l}\Vert f\Vert^{2}2$
. $C_{t}= \sup_{x\in 1R^{d}}\mathbb{E}_{P\cross\nu}^{x,0}[e^{2\int_{0}^{t}1’-(1_{\theta}’)ds}\lrcorner]$ . $U_{t}lhL^{2}(\mathbb{R}^{d})$
. 38 $U_{t}U_{s}=U_{t+s}$
. $U_{t}$ $t$ . $U_{t}$ ,
. $f,$ $g\in C_{0}^{\infty}(\mathbb{R}^{d})$ .
$(f, U_{l}g)=]_{\mathbb{R}^{d}}dx\mathbb{E}_{Px\nu}^{x,0}[\overline{f(B_{0})}(J(B_{1_{t}})e^{-i\int_{0}^{T_{t}}a(B_{s})odB_{\theta}}e^{-\int_{0}^{t}\nu^{r}(B_{T_{s}})ds}]$
. $T_{t}(\tau)arrow 0(tarrow 0)$ $\tau\in\Omega_{\nu}$ , $(f, U_{t}g)arrow(f, g)$
. $U_{\iota}^{*}=U_{l}$ . $a\in(C_{b}^{\prime z}(\mathbb{R}^{d}))^{d}$
. $\tilde{B}_{s}=\tilde{B}_{s}(\omega, \tau)=B_{T_{t}(\tau)-s}(\omega)-B_{T_{t}(\tau)}(\omega)$ .
$\tau\in\Omega_{\nu}$ $\tilde{B}_{s}=B_{s}d$ 3.
$(f, U_{t}g)=F_{P\cross\nu}^{0}[\int_{\zeta\{}dd"\cdot\nu^{r}(x+\tilde{B}_{J_{\dot{s}}}-\tilde{B}_{1_{t}}\cdot)ds$




. $Ti-T_{s}^{d}=T_{t-s}(0\leq s\leq t)$
$(f, U_{t}g)=\int_{tS^{d}}d_{\lambda}\overline{\mathbb{P}_{P\cross\nu}^{0}[f(B_{1_{t}})e^{-i\int_{0^{I}}{}^{t}a(B_{\epsilon})\circ dB_{s}}e^{-\int_{0}^{t}V(B_{T_{S}})(ts}]}g(x)=(U_{t}f,g)$
. . $U_{t}=e^{-tK^{\Psi}}$ $K^{\Psi}$
Hille-Yoshida
$V$ $\Psi$-Kato (A2) . $K^{\Psi}$ $\Psi$-Kato
. $I\zeta_{0}^{\Psi}$ $K^{\Psi}$ $a=0$
.
2.16 $(L^{\rho}-L^{q}$ $)$ $V$ $\Psi$ -Kato $(A6l)$ .
$e^{-tK^{\Psi}}$ $L^{p}(\mathbb{R}^{d})$ $L^{q}(\mathbb{R}^{d})(1\leq\forall p\leq\forall q\leq\infty)$
. $||e^{-tK^{\Psi}}||_{p,q}\leq\Vert e^{-tK_{0}^{\Psi}}\Vert_{p,q}$ .
$3Z=dY$ $Z$ $Y$ .
4 . $/\cdot T_{t}a(x+\tilde{B}_{s}-\tilde{B}_{ll})ocl\tilde{B}_{\epsilon}$
, $\ovalbox{\tt\small REJECT}_{\ovalbox{\tt\small REJECT}hiE^{\backslash }4}$ . $[$HILO9$]$ .
128
: Riesz-Thorin $e^{-tK^{\Psi}}$ (1) $L^{\infty}(\mathbb{R}^{d})arrow L^{\infty}(\mathbb{R}^{d}),$ (2) $L^{\rfloor}(\mathbb{R}^{d})arrow L^{\rfloor}(\mathbb{R}^{d})$ ,
(3) $L^{1}(\mathbb{R}^{d})arrow L^{\infty}(\mathbb{R}^{d})$ .
$|e^{-tK^{\Psi}}f(x)|\leq e^{-tI\zeta_{0}^{\Psi}}|f|(x)$
, (2.15)
, (1) $-(3)$ $e^{-th_{0}^{\prime\Psi}}$ . $\mathbb{P}_{P\cross\nu}^{0}=E^{x},$ $P_{t}=e^{-tR_{0}^{\prime\Psi}}$ ,
$P_{t}f(x)=E^{x}[e^{-\int_{0}^{t}V(X_{s})ds}f(X_{t})]$ . $f\in L^{\infty}(\mathbb{R}^{d})$ . (214)
$\Vert P_{t}f\Vert_{\infty}\leq s^{\backslash }\iota\iota px\in \mathbb{R}^{d}(J\Vert f\Vert_{\infty}$
(1) . $0\leq f\in L^{1}(\mathbb{R}^{d}),$ $g\equiv 1\in L^{\infty}(\mathbb{R}^{d})$ . $P_{t}g\in$
$L^{\infty}(\mathbb{R}^{d})$ (1) . 215 $U_{t}$
$\int_{\mathbb{R}^{cl}}dxf(x)\cdot P_{t}g(x)=\int_{\mathbb{R}^{d}}dxP_{t}\int(x)\cdot g(x)=\int_{IS^{d}}dxP_{t}f(x)$
. $P_{t}f\cdot(x)\geq 0$ $\Vert$Pt $f\Vert_{1}\leq\Vert f||_{1}\Vert P_{t}1\Vert_{\infty}$ . $f\in L^{1}(\mathbb{R}^{d})$
$f=\Re f_{+}-\Re f_{-}+i(\Im f_{+}-\Im f_{-})$ $\Vert P_{t}\Vert_{1}\leq 4||f\Vert_{1}\Vert P_{t}1\Vert_{\infty}$ (2)




$\Vert P_{t}f\Vert_{\infty}^{2}\leq \mathbb{E}^{\iota}[e^{-2\int_{0}^{t}V(X_{s})ds}]E^{x}[|f(X_{t})|^{2}]\leq C_{t}]_{\mathbb{R}^{d}}dx|f(x+y)|^{r}lp_{t}(y)dy$
$($214) . $C_{t}= \sup_{x\in R^{d}}E^{x}[o^{t}J$ . 211 $|p_{t}(y)|\leq$
$\int_{0}^{\infty}e^{-t\Psi(u^{2}’ 2)}du<\infty$
$\Vert P_{t}f\Vert_{\infty}\leq(C_{t}\Vert p_{t}\Vert_{\infty})^{1’ 2}\Vert f\Vert_{2}$ (2.17)
. $P_{t}$ $L^{2}(\mathbb{R}^{d})$ $L^{\infty}(\mathbb{R}^{d})$ . $f\in L^{1}(\mathbb{R}^{d})$
$g\in L^{2}(\mathbb{R}^{d})$ . $\int_{re^{d}}dxP_{t}f(x)\cdot g(x)=\int_{1R^{d}}d_{X}f(x)\cdot p_{tg(x)}$.
(217)
$| \int_{\mathbb{R}^{d}}dxP_{l}f(x)\cdot g(x)|\leq\Vert P_{t}g||_{\infty}\Vert f\Vert_{1}\leq(C_{t}\Vert p_{t}\Vert_{\infty})^{1\prime 2}\Vert g\Vert_{2}\Vert f||_{1}$
. $g\in L^{2}(\mathbb{R}^{d})$ $P_{t}f\in L^{2}$ ( )
$||P_{t}f\Vert_{2}\leq(C_{t}\Vert p_{t}\Vert_{\infty})^{1/2}||f||_{1}$ (2.18)
. , $p_{\iota}$ $L^{1}(\mathbb{R}^{d})$ $L^{2}(\mathbb{R}^{d})$ .
$($ 216) . $(\lambda_{t}^{r})_{t\geq 0}$ $P_{t}$ $L^{p}(\mathbb{R}^{d})$
. (216) $f\in L^{1}(\mathbb{R}^{d})$ ,
$\Vert P_{t}\int||_{\infty}=\Vert P_{t},{}_{2}P_{t’ 2}f||_{\infty}\leq(C_{t’ 2}||p_{t’ 2}||_{\infty})^{1/2}\Vert P_{t/2}f\Vert_{2}\leq C_{t\prime 2}||p_{t\prime 2}\Vert_{\infty}||\int||_{1}$








217 $(A3)$ $I^{r}/$ $\sqrt{p^{2}+m^{2}}$ 1
. $f\iota_{re}|$ $C_{0}^{\infty}(\mathbb{R}^{3})$
$(f, e^{-th_{r\cdot 1}}g)= \int_{R^{\delta}}$
.
$dx\mathbb{E}_{P^{J}\cross\nu}^{x,0}[\cdot 0{}^{t}a(B_{s})\circ dB_{s}\tau^{\Psi}$ (2.21)
. $T_{\iota^{\Psi}}=i_{I1}f\{s>0|B_{s}+rr\iota s=t\}$ .
217 .
218 ( ) 2.17 .
$|(f, e^{-t\prime\iota_{r\epsilon 1}}g)|\leq(|f|, e^{-t\prime\iota_{r\epsilon 1}(0)}|g|)$ .
$\mathcal{E}[h_{re1}(0)]\leq \mathcal{E}[h_{re}i]$ .
216 .
219 $(L^{p}-L^{q}$ $)$ 2.17 $\Psi(u)=\sqrt{2u+m^{2}}-m$ 2.13







$l \iota_{1’ 2}=\frac{1}{2}(\sigma\cdot(p-a))^{2}$ . (3.1)
2 . Pauli
:
$\sigma_{1}=\{\begin{array}{ll}0 l1 0\end{array}\}$ , $\sigma_{2}=\{\begin{array}{l}0-ii0\end{array}\}$ , $\sigma_{3}=\{\begin{array}{l}0l0-l\end{array}\}$ .
2 $q_{1/2}$ :
$q_{1/2}(f,g)= \sum_{A=1}^{3}(\sigma_{\mu}D_{t^{\iota}}f, \sigma_{\mu}D_{\mu}g)$ . (3.2)
130
$Q(q_{1\prime 2})=\{f\in L^{2}(\mathbb{R}^{3};\mathbb{C}^{2})|\sigma_{A}D_{\mu}f\in L^{2}(\mathbb{R}^{3};\mathbb{C}^{2}), \mu=1,2,3\}$ .
(Al) . $q_{1/2}$ 2 ,
$h_{1’ 2}$ :
$(h_{1/2}f, g)=q_{1/2}(f, g)$ , $f\in D(h_{1’ 2}),$ $g\in Q(q_{12})$ . (3.3)
$D(h_{12})=\{f\in Q(q_{1/2})|q_{12}(f,$ $\cdot)\in L^{2}(\mathbb{R}^{3};\mathbb{C}^{2})’\}$ . (3.4)
3.1 (1) $(Al)$ . $d=3$ $\mathbb{C}^{2}\otimes C_{0}^{\infty}’(\mathbb{R}^{3})$ $h_{1’ 2}$ 2
.
(2) $(A4)$ . $\mathbb{C}^{2}\otimes C_{0}^{\infty}(\mathbb{R}^{3})$ $\text{ _{}12}$ .
(3) $(A1)$ . $\Psi\in \mathcal{B}_{0}$ . $d=3$ $\mathbb{C}^{2}\otimes C_{0}^{\infty}(\mathbb{R}^{3})$ $\Psi(h_{1/2})$ 2
.
(4) $(A4)$ . $\Psi\in \mathcal{B}_{0}$ . $\mathbb{C}^{2}\otimes C_{0}^{\infty}(\mathbb{R}^{3})$ $\Psi(h_{1/2})$ .
$h_{1’ 2}$ , $h_{1/2}+V$
,
$2\cross 2$ , . $h_{1/2}$
.
[ALS83] . , 2 Dirac
. 2 4 Dirac
.
, $h_{1/2}$ $L^{2}(\mathbb{R}^{3}\cross \mathbb{Z}_{2})$ .
$L^{2}(\mathbb{R}^{3}\cross \mathbb{Z}_{2})$ $x\in \mathbb{R}^{3}$ $\theta\in \mathbb{Z}_{2}$ $L^{2}$- .
$\mathbb{Z}_{2}=\{-1,1\}=\{\theta_{1}, \theta_{2}\}$ . (3.5)
$L^{2}(\mathbb{R}^{3}\cross \mathbb{Z}_{2})$ $h_{\mathbb{Z}_{2}}$ :
$(h_{\mathbb{Z}_{2}}f)(x, \theta)=(hf\cdot)(x, \theta)-\frac{1}{2}\theta b_{3}(x)f(x, \theta)-\frac{1}{2}(b_{1}(x)-i\theta b_{2}(x))f(x, -\theta)$ . (3.6)
$(b_{1},$ $b_{2},$ $b_{3})=\nabla\cross a$ . $h_{\mathbb{Z}_{2}}\lceil_{\mathbb{C}^{2}\otimes(L^{J}R^{3})}c_{0}^{\gamma}\infty$
.
$F:L^{2}(\mathbb{R}^{3}\cross \mathbb{Z}_{2})arrow \mathbb{C}^{2}\otimes L^{2}(\mathbb{R}’\backslash :)\cong L^{2}(\mathbb{R}^{3})\oplus L^{2}(\mathbb{R}^{3})$ (3.7)
:
$Ff=\{\begin{array}{l}f(\cdot,+l)f.(\cdot,-l)\end{array}\}$ , $f\in L^{2}(\mathbb{R}^{3}\cross \mathbb{Z}_{2})$ . (3.8)
32 $(A4)$ . $h_{\mathbb{Z}_{2}}$ $\ell^{2}(\mathbb{Z}_{2})\otimes D(h)$ $\ell^{2}(\mathbb{Z}_{2})\otimes$
$C_{0}^{\infty}(\mathbb{R}^{3})$ . $Fh_{1/2}F^{-1}=h_{\mathbb{Z}_{2}}$ .
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: $Fh_{1’ 2}F^{-1}=h_{\mathbb{Z}_{2}}$. $P^{2}(\mathbb{Z}_{2})\otimes C_{0}^{\infty}(\mathbb{R}^{3})$ . $F$
$\ell^{2}(\mathbb{Z}_{2})\otimes C_{0}^{\infty}(\mathbb{R}^{3})$ $\mathbb{C}^{2}\otimes C_{0}^{\infty}(\mathbb{R}^{3})$ , $\mathbb{C}^{2}\otimes C_{0}^{\infty}(\mathbb{R}^{3})$ $f\iota_{1’ 2}$
$Fh_{1/2}F^{-1}=l\iota z_{2}$ .
$f\iota_{\mathbb{Z}_{2}}$ 3 $d$ , $\mathbb{Z}_{2}arrow \mathbb{Z}_{p}$ . $\mathbb{Z}_{p}$ 1 $p$
:
$\mathbb{Z}_{p}=\{\theta_{1}^{(p)}, \ldots, \theta_{p}^{(p)}\}$ . (3.9)
$\theta_{\alpha}^{(p)}=\exp(2\pi i\frac{\alpha}{p}),$ $\alpha\in \mathbb{N}$. $p\geq 2$ $\theta_{\beta}^{(p)}$ $\theta_{\beta}$
. $\ell^{2}(\mathbb{Z}_{p})=\{f\cdot:\mathbb{Z}_{p}arrow \mathbb{C}\}$ $(f \cdot, g)_{\ell^{2}(\mathbb{Z}_{p})}=\sum_{l’=1}^{p}\overline{f\cdot(\theta_{\beta})}g(\theta_{\beta})$ .
$\mathbb{Z}_{p}$ . $U$
$U_{\beta}^{*},$ $\beta=1,$ $\ldots,p-1$ , .
33( )
(1) ( ) $U$ : $\mathbb{R}^{d}\cross \mathbb{Z}_{p}arrow \mathbb{R}$ $n1\ x_{\theta\in \mathbb{Z}_{P}}|U(x, \theta)|$ $\frac{1}{2}p^{2}$
.
(2) ( ) $\text{ _{}\beta}^{\dot{\prime}}$ : $\mathbb{R}^{d}\cross \mathbb{Z}_{p}arrow \mathbb{C},$ $1\leq\beta\leq p-1$ , II $1_{\dot{C}}tX_{\theta\in \mathbb{Z}_{P}}|M_{\beta}^{\gamma}(x, \theta)|$ $\frac{1}{2}p^{2}$
. $U_{\beta}$ : $\mathbb{R}^{d}\cross \mathbb{Z}_{p}arrow \mathbb{C}$
:
$U_{\beta}(x, \theta_{\alpha})=\frac{1}{2}(l^{J}t^{r_{\beta}}(x, \theta_{\alpha+\beta})+\overline{W_{p-\beta}(x,\theta_{\alpha})})$ , $\alpha=1,$ $\ldots,p,$ $\beta=1,$ $\ldots,p-1$ .
(310)
(3) ( ) $I’I_{l_{P}}$ : $L^{2}(\mathbb{R}^{d}\cross \mathbb{Z}_{p})arrow L^{2}(\mathbb{R}^{d}\cross \mathbb{Z}_{\rho})$ ,
$\Lambda^{\text{ }}I_{A_{P}}:f(x, \theta_{\alpha})\mapsto U(x, \theta_{\alpha})f(x, \theta_{\alpha})+\sum_{\beta=1}^{p-1}U_{\beta}(x, \theta_{\alpha})f(x, \theta_{\alpha+\beta})$ (3.11)
.
$u_{\beta}(x)=\{\begin{array}{ll}II 1ax_{\theta\in}\prime z_{p}|U(x, \theta)| if \beta=p,\max_{\theta\in Z_{P}}|U_{\beta}(x, \theta)| if 1\leq\beta\leq p-1\end{array}$ (3.12)
.
$\Vert c\iota_{\beta}f\Vert\leq c_{\beta}\Vert\frac{1}{2}p^{2}f||+b_{\beta}\Vert f||$ ,
$c_{\beta}>0$ $b_{\beta}\geq 0$ .
$\beta=1,$ $\ldots,p$ , $f\in D((1’ 2)p^{2})$ , (313)
34( 1/2) $d=3,$ $p=2$ $M^{\gamma_{1}}(x, \theta)=-\frac{1}{l}(b_{1}(x)+i\theta b_{2}(x)),$ $\theta\in \mathbb{Z}_{2}$
$\theta_{1}=-1,$ $\theta_{2}=1$ , (310)
$U_{1}(x, \theta)=\frac{1}{2}(M^{\gamma_{1}}(x, \theta\theta_{1})+\overline{tV_{1}(x,\theta)})$ , $\theta\in \mathbb{Z}_{2}$
. $W_{1}(x, \theta\theta_{1})=-\frac{1}{2}(b_{1}(x)-i\theta b_{2}(x))=\overline{Il^{\gamma_{1}}(x,\theta)}$
$U_{1}(x, \theta)=-\frac{1}{2}(b_{1}(x)-i\theta b_{2}(x))$ . $U(x, \theta)=-\frac{1}{2}\theta b_{3}(x)$ .
(3.6) .
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(Al) . $h$ (2.2) .
$h_{\mathbb{Z}_{P}}=1\otimes h+\Lambda’I_{\mathbb{Z}_{l}}$ , $($3.14$)$
.
$(h_{\mathbb{Z}_{p}}f)(x, \theta_{\alpha})=(\frac{1}{2}(p-a(x))^{2}+U(x, \theta_{\alpha}))f(x, \theta_{\alpha})+\sum_{\beta=1}^{p-1}U_{\beta}(x, \theta_{\alpha})f(x, \theta_{\alpha+\beta})$ (315)
. $U,$ $U_{\beta}$ .
35 $(A2)$ . $\sum_{l3=1}^{p}c_{\beta}<1$ . $c_{\beta}$ (3.13)
. $h_{\mathbb{Z}_{P}}$ $\ell^{2}(\mathbb{Z}_{p})\otimes D(h)$ .
$1\otimes h$ . $\ell^{2}(\mathbb{Z}_{p})\otimes C_{0}^{\infty}(\mathbb{R}^{d})$ $h_{\mathbb{Z}_{p}}$
.
:
$\sum_{\alpha=1}^{p}\overline{g(x,\theta_{\alpha})}(\sum_{\beta=1}^{p-1}Lf^{\gamma_{\beta}}(x, \theta_{\alpha+\beta})f(x, \theta_{\alpha+\beta}))=\sum_{\gamma=1}^{p}(\sum_{\beta=1}^{p-1}\overline{\overline{M_{p-\beta}’\prime(x\cdot,\theta_{\gamma})}(J(x,\theta_{\gamma+\beta})})f(x, \theta_{\gamma})$
,
$(g(x, \cdot), A’I_{\mathbb{Z}_{p}}f(x, \cdot))_{\ell^{2}(\mathbb{Z}_{p})}=(A’I_{X_{p}}g(x, \cdot), f(x, \cdot))_{l^{2}(\mathbb{Z}_{I)})}$
, $h’I_{Z_{p}}$ . $|| \Lambda/I_{A_{P}}f||\leq\sum_{\beta=1}^{p}||(1\otimes u_{\beta})f||$
$h_{0}= \frac{1}{2}p^{2},$ $E>0$ $||u_{\beta}(h+E)^{-1}g||\leq||u_{\beta}(h_{0}+E)^{-1}|g|||$ 5
$||hI_{Z_{p}}rf \Vert\leq\sum_{\beta=1}^{l)}||u_{\beta}(h_{0}+E)^{-1}||\Vert 1\otimes(h+E)f\Vert\leq\sum_{\beta=1}^{p}c_{\beta}\Vert(1\otimes h)f\Vert+b||f||$
. Kato-Rellich .
36( ) (A2) . $\sum_{\beta=1}^{I^{J}}c_{\beta}<1$
. $\Psi\in \mathcal{B}_{0}$




$\Psi$ $\Psi(h_{Z_{P}}r)$ . $\Psi l_{l}\bigcap_{\mathbb{Z}_{p}}$
.
37 $(A2)$ $\sum_{\beta=1}^{p}c_{\beta}<1$ . $\Psi\in \mathcal{B}_{0}$ , $\ell^{2}(\mathbb{Z}_{p})\otimes C_{0}^{\infty}(\mathbb{R}^{d})$
$\Psi(\overline{h_{\mathbb{Z}_{p}}})$ .
: $f\iota_{\mathbb{Z}_{p}}$ $\ell^{2}(\mathbb{Z}_{p})\otimes C_{0}^{\infty}(\mathbb{R}^{d})$ , 23
.








$N_{t}= \sum_{\beta=1}^{p-1}\beta N_{t}^{\beta}$ (3.18)
. $\mathcal{F}_{t}^{v}J=\sigma(N_{l}, t\leq s)$ . $N_{t}$ L\’evy
$\mathcal{F}_{t}^{N}$ . $E_{\mu}[f(\wedge r_{t}+\alpha)]$ $[f(N_{t})]$ .
$\int_{v}^{w+}g(N_{s-})dV_{s}^{\beta}=$
$\sum_{v\leq r\leq w,N_{r+}^{\beta}\neq N_{r-}^{\beta}}g(N_{r-})$
(3.19)
. $E_{l}[\int_{v}^{w+}g(N_{s-})dN_{s}^{\beta}]=E_{\mu}[\int_{v}^{w}g(N_{s})ds]$ .
3.8 $\sum_{\beta=1}^{p}c_{\beta}<1$ . $(A2)$
$\int_{0}^{t}ds\int_{\mathbb{R}^{d}}dy(2\pi s)^{-d\prime 2}e^{-|x-y|^{2}\prime(2s)}|\log u_{\beta}(y)|<\infty$, $\beta=1,$ $\ldots,p-1$ , (3.20)
.





:(Step 1) $U(x, \theta_{\alpha})$ $U_{\beta}(x, \theta_{\alpha})$ . $a\in(C_{0}^{\infty}(\mathbb{R}^{d}))^{d}$
. (3.20)





$| \mathbb{P}_{P\cross\mu}^{\alpha}[e^{cb_{\epsilon pin}^{\tau}}]|\leq\exp(t(c\Vert u_{p}\Vert_{oo}+\sum_{=/j1}^{p-1}(Iu_{\beta}\Vert_{\infty}^{c}-1)))$ . (3.23)
$u_{\beta}$
$($312$)$ .
$Z_{[v,w]}=-i \int_{v}^{w}a(B_{s})\circ dB_{s}-\int_{v}^{w}U(B_{s}, \theta_{N_{s}})ds+\sum_{\beta=1}^{I^{J-1}}\int_{v}^{w+}\log(-U_{\beta}(B_{s}, \theta_{N_{s-}}))dN_{s}^{\beta}$
$P_{t}g(x, \theta_{\alpha})=\mathbb{E}_{P\cross\mu}^{\iota_{1}\alpha}[e^{Z_{[0,t]}}g(B_{t}, \theta_{A^{r}\iota})]$
. $g\in\ell^{2}(\mathbb{Z}_{p})\otimes C_{0}^{\infty}(\mathbb{R}^{d})$ .
$\Vert P_{t}g||^{2}\leq\exp(t(2\Vert u_{p}\Vert_{\infty}+\sum_{\beta=1}^{p-1}(\Vert u_{\beta}\Vert_{\infty}^{2}-1)))\Vert g\Vert^{2}$
. $P_{t}$ . $\{P_{t}\}_{t\geq 0}$ 1-
, $(h_{\mathbb{Z}_{p}}+p-1)$ . (1) $P_{0}=I$ ,
(2) $P_{S}P_{t}=P_{6+t},$ (3) $p_{tg}$ $t$ (4) $\lim_{tarrow 0}\frac{1}{t}(p_{tg-g)=-(h_{\mathbb{Z}_{p}}}+(p-1))g$ .
(1) . (2) .








. (2) . $P_{t}$ . It\^o 6
:
$dN_{t}$ $=$ $\sum_{\beta=1}^{p-1}\int_{0}^{t+}\beta dN_{s}^{\beta}$ , $d \theta_{A_{t}^{r}}=\sum_{\beta=1}^{p-1}(\theta_{N_{t}+\beta}-\theta_{A_{t}^{r}})$ ,
$dg(B_{t}, \theta_{1}v_{t})$ $=$ $J_{0}^{t} \nabla g(B_{s}, \theta_{A_{s}^{r}})\cdot dB_{s}+\frac{1}{2}\int_{0}^{t}\triangle g(B_{s}, \theta_{N_{s}})ds$
$+ \sum_{\beta-1}^{p-.1}\int_{0}^{l+}(g(B_{s}, \theta_{A_{s}^{r}+\beta})-g(B_{s}, \theta_{N_{s}}))dN_{s}^{\beta}$ ,
$de^{Z_{[O,t]}}$ $=$ $\int_{0}^{t_{e^{Z_{[0,s]}}}}(-ia(B_{s}))\cdot dB_{s}+\frac{1}{2}J_{0}^{t}e^{Z_{[0.s]}}$$(-i\nabla\cdot a(B_{s})-a(B_{s})^{2})ds$
$-]_{0}^{t}e^{Z_{[0,s]}}U(B_{s}, \theta_{N_{s}})ds+\sum_{\beta=1}^{p-1}\int_{0}^{t+}e^{z_{[0.s-](e^{\log(-U_{\beta}(B_{\theta},\theta_{N_{s-}}))}-1)dN_{s}^{\beta}}}$ .
7 $d(e^{Z_{[0,t]}}g)=de^{Z_{[0.t]}}\cdot g+e^{Z_{[0,t]}}$ $dg+de^{Z_{[0,t]}}$ $dg$
$d(e^{Z_{[0,t]_{(}}}j)(B_{l}, \theta_{A_{t}^{r}})=J_{0}^{t}e^{Z_{[0.s]}}\{\frac{1}{2}\Delta g(B_{s}, \theta_{N_{s}})-ia(B_{s})\cdot\nabla g(B_{s}, \theta_{A_{\delta}^{\Gamma}})$
$+(1s’ 1$











$L_{t}^{i}= \int_{0}^{t}f^{i}(s,\omega)ds+\int g^{i}(s,\omega)\cdot dB_{\epsilon}+\sum_{\beta=1}^{p-1}\int_{0}^{t+}h_{\beta}^{i}(s,\omega)dN_{s}^{\beta}$, $i=1,$ $\ldots,n$ .
$f^{i}(\cdot,\omega)\in L_{1oc}^{1}(\mathbb{R})$ a.s, $g^{i}\in \mathcal{E}_{1}$ $c\cdot\cdot$ $h_{\beta}^{i}(s,\omega)$ $\mathcal{F}_{\ell}$ , $s$
$\int_{0}^{t+}|h_{\beta}^{i}(s,\omega)|dN_{s}^{\beta}<\infty$ a.s. $F\in C^{2}$ (
$dF(L_{t})$ $=$ $\sum_{i=1}^{n}\int_{0}^{t}F_{i}(L_{\epsilon})f^{i}(s)ds+\sum_{i,j=1}^{1}\int_{0}^{t}\frac{1}{2}F_{ij}(L_{s})g^{i}(s)\cdot j(s)ds$
$+ \sum_{i=1}^{n}\int_{0}^{t}F_{i}(L_{\epsilon})g^{i}(s)\cdot dB_{\epsilon}+\sum_{\beta=1}^{p-1}\int_{0}^{t+}(F(L_{\epsilon-}+h_{\beta}(s))-F(L_{s-}))dN_{e}^{\beta}$
. $=\partial_{i}F$ , $F_{ij}=\partial_{i}\partial_{j}F$ .
7
$(L_{t})_{t\geq 0}$ $(M_{t})_{t\geq 0}$ 2 . $d(L_{t}A^{1}I_{t})=dL_{t}\cdot M_{t}+L_{t}\cdot dAf_{t}+dL_{t}\cdot dM_{t}$ ,
$dtdt=0,$ $dB_{t}^{\mu}dt=0,$ $dB_{t}^{\mu}dB_{t^{\nu}}=\delta_{\mu\nu}dt,$ $clN_{t}^{\alpha}dN_{t}^{\beta}=0,$ $dN_{t}^{\alpha}dt=0,$ $dN_{t}^{\alpha}dB_{t}=0$
.
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.$G(s)=e^{Z_{[0,s]}}( \frac{1}{2}\triangle-ia(B_{S})\cdot\nabla-\frac{1}{\prime 2}a(B_{s})^{2}-U(B_{s},$ $\theta_{N_{s}}))g(B_{s},$ $\theta_{A_{s}^{r}})$
$+ \sum_{\beta=1}^{I^{J-1}}c^{J}z_{[0_{\dagger}s]}(e^{\log(-U_{\beta}(B_{s},\theta_{N_{S}}))}$ ,
$G(0)=-(l\iota_{\mathbb{Z}_{P}}+(\gamma)-1))g(x,$ $\theta_{\alpha})$ .
$U(x, \theta),$ $O_{\beta}^{v}(x, \theta),$ $a_{\mu}(x)$ $G(s)$ $s=0$ $(\omega, \tau)\in$
$\zeta\}_{P}\chi\zeta)_{rV}$ i’ $\alpha\cross\mu$ $[G(s)]$ $s=0$
.
liiii $\underline{1}_{(f},$ $(P_{t}-1)g)=(f, -(h_{\mathbb{Z}_{p}}+(p-1))g)$
$t-\rangle 0t$
. (3) (2) (4) .
$e^{t(p-1)}P_{t}g=e^{-t\prime\iota_{l_{p}}^{r}}g$ (3.26)
.
$($Step 2) 2.5 $($3.26) (A2) $a$ .
(Step 3) (3.26) $U$ . $U_{\beta}^{(n)}(x, \theta_{\alpha})$
$U^{(n)}(x,$ $\theta_{\alpha}),$ $n=1,2,3,$ $\ldots$ , $U_{\beta}(x,$ $\theta_{\alpha})$ , $U(x,$ $\theta_{\alpha})$ $narrow\infty$ $x$
, $||U^{(n)}(\cdot, \theta_{\alpha})||_{\infty}\leq||U(\cdot, \theta_{\alpha})||_{\infty}$ $||U_{\beta}^{(n)}(\cdot, \theta_{\alpha})||_{\infty}\leq||U_{\beta}’(\cdot, \theta_{\alpha})||_{\infty}$
. $\tau\in\Omega_{N}$ $7_{1}=r_{1}(\tau),$ $\ldots,$ $r_{M}=r_{M}(\tau)$
:
$ex’p(\sum_{l^{i=1}}^{p-1}\int_{0}^{t+}\log(-L^{r_{\beta}}(B_{s},$ $\theta_{A_{\epsilon-}^{r}}))dN_{s}^{\beta})=\prod_{\beta---1}^{p-1}\prod_{i=1}^{AI}(-O_{\beta}^{arrow}(B_{r_{i}},$ $\theta_{N_{r_{i}}}))$ . (3.27)
$\tau\in\Omega_{N}$
$n\rangle\infty 1\underline{i}rr1e^{\Sigma_{\beta^{-}-1}^{p-.1}\int_{0}^{t+}\log(-U_{\ell}^{(n)}(B_{g},\theta_{N_{s-}}))d_{1}V_{s}^{\theta}}=e^{\Sigma_{\beta=1}^{p-1}j_{0}^{t+}\log(-U_{\beta}(B_{s},\theta_{N_{s-}}))dN_{s}^{\beta}}$ .
$e^{-\int_{0}^{t}U^{(n)}(B_{\theta},\theta_{N_{S}})ds}arrow e^{-J_{0}^{t}U(B_{s},\theta_{N_{\theta}})ds}(narrow\infty)$ . (3.26)
$C^{\gamma_{\beta}}$ $U$ .
39 (FK ) $\Psi\in \mathcal{B}_{0}$ . $T_{t}^{\Psi}$ $\mathbb{R}$ $\rho(r, t)$ . $u_{\beta}\in L^{\infty}(\mathbb{R}^{d})$ ,
$\beta=1,$ $\ldots,p,$ $V\in L^{\infty}(\mathbb{R}^{d})$ , $(A2)$ .
$[_{KR}dr \rho(r\cdot, t)\int_{0}^{r}ds\int_{\mathbb{R}^{d}}dy(2\pi s)^{-d/2}e^{-|x-y|^{2}’(2s)}|\log u_{\beta}(y)|<\infty$ , $\beta=1,$ $\ldots,p-1(3.28)$
.





$S_{srin}^{\Psi}=)\{\begin{array}{l}-J_{0^{r}}^{l_{\iota^{\Psi}}^{1}}(U(B_{s}, \theta_{A_{\epsilon}^{r}})-\mathcal{E}[h_{Z_{P}}])ds+\sum_{l^{l=1}}^{p-1}\int_{0’}^{l_{t}^{\Psi}+}\log(-U_{\beta}(B_{s}, \theta_{N_{\theta-}}))dN_{s}^{\beta}Wif \mathcal{E}[h_{Z_{p}}]<0,-J_{0}^{T_{\iota^{\Psi}}}(U(B_{s}, \theta_{N_{s}}))ds+\sum_{\beta=1}^{p-1}]_{0}^{T_{t}^{\Psi}+}\log(-C^{\gamma_{\beta}}(B_{s}, \theta_{N_{\epsilon-}}))dN_{s}^{\beta}if \mathcal{E}[h_{Z_{p}}]\geq 0.\end{array}$
: (3.28)
$\mathbb{E}_{P\cross\iota\cross\nu}^{r,\alpha,0}[\int_{0}^{T_{\iota^{\Psi}}}|\log(-U_{\beta}(B_{s}, \theta_{N_{\ell-}}))|d_{\wedge}V_{s}^{\beta}]$
$\leq\int.p(r\cdot, t)dr]_{0}^{r}dsJ_{R^{d}}\frac{e^{-|x-y|^{2}’(2s)}}{(2\pi s)^{d/2}}|\log u_{\beta}(y)|<\infty$
$\int_{0}^{T_{t}^{\Psi}+}|\log(-U_{\beta}(B_{s}, \theta_{A_{\iota-}^{r}}))|dN_{\theta}^{\beta}<\infty$ (3.30)
. 38
$(f,$ $e^{-t\Psi(\neg_{z_{p}}}hg)= \sum_{\alpha=1}^{p}\int_{\mathbb{R}^{d}}dx\mathbb{E}_{P\cross\mu\cross\nu}^{r\alpha,0})[e^{(p-1)T_{t}^{\Psi}}\overline{f(B_{0},\theta_{N_{0}})}g(B_{1_{\dot{t}^{\Psi}}},\theta_{N_{T_{t}^{\Psi}}})e^{S_{a}^{\Psi}+S_{*pin]}^{\Psi}}$ . (3.31)
$0=t_{0}<t_{1}<\cdots<t_{n}=t$
$(f_{0}, \prod_{j=1}^{r\iota}e^{-(t_{j}-t_{j-1})\Psi(\overline{h_{l_{p}}})}f_{j})$
$= \sum_{\alpha=1}^{p}\int_{R^{d}}dx\mathbb{P}_{P\cross\mu\cross\nu}^{\alpha,0}[e^{(p-1)T_{t}^{\Psi}}\overline{f_{0}(B_{0},\theta_{N_{0}})}(\prod_{=1}^{n}f_{j}(B_{T_{t_{j}^{\Psi}}}, \theta_{N_{T_{t_{j}}^{\Psi}}}))e^{S_{\alpha}^{\Psi}+S_{pin]}^{\Psi}}\cdot$ $(3.32)$
. 26(Step 2) . $V$ .
(3.32)
$(z_{p}$ $=$ $\lim_{narrow\infty}(f,$ $(e^{-(t/n)\Psi(hz_{p})_{e^{-(t/n)V})^{n}g)}}$
$=$ $\sum_{\alpha=1}^{p}\int_{\mathbb{R}^{d}}dx\mathbb{P}_{P\cross\iota\cross\nu}^{\alpha,0}[e^{(p-1)’l_{t}^{\Psi}}’\overline{f(B_{0,v_{0}}\theta_{J})}g(B_{T_{t}’}\nu,$ $\theta_{N_{T_{t}^{\Psi}}})e^{S^{\backslash \Psi}}]$
$V$ . $V\in L^{\infty}(\mathbb{R}^{d})$ .
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$h_{\mathbb{Z}_{p}}^{0}$ $h_{\mathbb{Z}_{P}}$ $a$ $0$ $|L^{\gamma_{\beta}}|$ .
$(f \iota_{\mathbb{Z}_{p}}^{0}f)(x, \theta_{\alpha})=\frac{1}{2}\iota)^{2}f(x, \theta_{\alpha})+U(x, \theta_{\alpha})f(x, \theta_{\alpha})-\sum_{\beta=1}^{p-1}|U_{\beta}^{\tau}(x, \sigma)|f(x, \theta_{\alpha+\beta})$ . (3.33)
$\overline{h_{p_{p}}^{0}\prime}=\{\begin{array}{ll}h_{a_{p}}^{0_{J}}\text{ }’ if \mathcal{E}[h_{r}^{0}z_{p}]\geq 0,f\iota_{\mathbb{Z}_{p}}^{0}-\mathcal{E}[h_{\mathbb{Z}_{p}}^{0}] if \mathcal{E}[f_{l_{\mathbb{Z}_{P}}}^{0}]<0.\end{array}$ (3.34)
. 39 .
310 ( ) 3.9 . $h_{\mathbb{Z}_{p}}-\mathcal{E}[f\iota_{\mathbb{Z}_{P}}^{0}]\geq 0$ .
(1) $\mathcal{E}[f\iota_{Z_{p}}^{0}]\geq 0$
$|(f,$ $e^{-t(\Psi()+\iota^{\gamma})_{g)1}}l\iota z_{p}\leq(|f|,$ $e^{-\iota(\Psi(\overline{\iota_{z_{P}}^{0}},)+\iota^{\gamma})_{|g|)}}$ (3.35)
$\mathcal{E}[\Psi(\overline{h_{Z_{P}}^{0}\prime})+V]\leq \mathcal{E}[\Psi(h_{\mathbb{Z}_{p}})+\mathcal{V}^{r}]$ ;
(2) $\mathcal{E}[h_{Z_{P}}^{0}]<0$






$|(f,$ $e^{-t\prime\iota z_{p}}g)|\leq(|f|,$ $e^{-th_{l_{P|g|)}}^{0}}r.$ (3.38)
. $\mathcal{E}[r\leq \mathcal{E}[h_{\mathbb{Z}_{p}}]$ , $h_{\mathbb{Z}_{p}}-\mathcal{E}[h_{x_{p}}^{0}]\geq 0$ . , (3.35)
(3.36) 39 (3.37) .
311 $\sum_{\beta\simeq 1}^{p}c_{\beta}<1$ . $(A2)$ (3.20) . $|\iota^{\gamma},|$ $\Psi(\overline{h_{\mathbb{Z}_{p}}^{0}})$
$b$ . $|V|$ $\Psi h_{\mathbb{Z}}\bigcap_{P}$
$b$ .
139
: $\mathcal{E}[h_{\mathbb{Z}_{P}}^{0}]<0$ . $\mathcal{E}[\text{ _{}7_{\lrcorner}’P}^{0}]\geq 0$ . $\epsilon>0$
,
$\Vert Vf\Vert\leq(b+\epsilon)\Vert\Psi(\overline{f_{l_{\mathbb{Z}_{p}}^{0}}})f||+c\Vert f\Vert$. (3.39)
310
$\frac{\Vert|V|(\Psi(h_{\mathbb{Z}_{p}}-\mathcal{E}[h_{Z_{p}}^{0}\prime])+E)^{-1}f||}{\Vert f||}\leq\frac{\Vert|\dagger^{\gamma}|(\Psi(\overline{h_{\mathbb{Z}_{P}}^{0}})+E)^{-1}|\int|\Vert}{||f\Vert}$ . (3.40)
$Earrow\infty$ (3.39) (3.40) $b+\epsilon$ .
$\Vert l^{\gamma}f||\leq(b+\epsilon)\Vert\Psi(h_{\mathbb{Z}_{P}}-\mathcal{E}[h_{\mathbb{Z}_{p}}^{0}])f\Vert+c_{b}||f\Vert$ . (3.41)
$X<Y$ $X<0$ .
$\Psi(u-X)-\Psi(u-1^{r})=b(Y-X)+J_{0}^{\infty}e^{-(u-1’)y}(1-e^{-(Y-X)y})\lambda(dy)$ , $u\geq Y$,





3.12 $\sum_{\beta=1}^{p}c_{\beta}<1$ . $l^{r}/$ $\Psi(\overline{f\iota_{Z_{p}}^{0}})$ 1
. (3.20) .
(1) $(A2)$ . $H_{Z_{P}}^{\Psi}$ $D( \Psi h_{\mathbb{Z}}\bigcap_{p})$ , $\Psi f_{l}\prod z_{p}$
. $(A$ $H_{\mathbb{Z}_{P}}^{\Psi}$ $C_{0}^{\infty}(\mathbb{R}^{d})$
.
(2) $(A3)$ . $e^{-\iota H_{z_{P}}^{\Psi}}$ (3.9) .
: (1) . (2) 26 (Step4) .
3.3
$d=3,$ $p=2$ . $\theta_{\alpha}=\theta_{\alpha}^{(2)},$ $\alpha=1,2$ , $\theta_{1}=-1,$ $\theta_{2}=+1$ .
$L^{2}(\mathbb{R}^{3};\mathbb{C}^{2})$
$h_{1’ 2}^{re1}=\sqrt{2f\iota_{1’ 2}+rr\iota^{2}}-rr\iota$ , $rr\iota\geq 0$ , (3.42)
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. $f\iota_{12}=(\sigma\cdot(p-a))^{2}$ . (A4) . $h_{1/2}^{re1}$
$h_{Z_{2}}^{re1}=\sqrt{2\tau+\iota^{2}}-7n$ (3.43)
. $h_{\mathbb{Z}_{2}}$ $L^{2}(\mathbb{R}^{3}$ $\cross \mathbb{Z}$2 $)$ .
$(h_{\mathbb{Z}_{2}}f)(x, \theta)=(\frac{1}{2}(\iota)-a)^{2}f)(x, \theta)-\frac{1}{2}\theta f)3(x)f\cdot(x, \theta)-\frac{1}{2}(b_{1}(x)-i\theta b_{2}(x))f(x, -\theta)$
. $f\iota_{\mathbb{Z}_{2}}^{re1}$ , $h_{\mathbb{Z}_{2}}^{IC^{\backslash 1}}=\Psi(h_{\mathbb{Z}_{2}}.),$ $\Psi(u)=\sqrt{2u+m^{2}}-7Yb$ .
3.13 $(A4)$ , (1)$-(4)$ .
(1) $\mathfrak{s}^{\Gamma}$, $\sqrt{I)2+m^{2}}$ $A<1$ ;
(2) $-\tilde{2}1b_{j},$ $i=1,2,3$, $\frac{1}{2}p^{2}$ $\kappa_{j}\geq 0$ ;
(3) $A(1-(\kappa_{1}+\kappa_{2}+\kappa_{3}))^{-1\prime 2}<1$ ;
(4) $\int_{tR^{3}}\frac{|\log(\frac{1}{2}\sqrt{b_{1}(y)^{l}+b_{2}(y)^{2}})|}{2\pi|x-1/|}dy<\infty$, $a.e$ . $x\in \mathbb{R}^{3}$ .
$h_{1/2}^{re1}+V$ $($resp. $fx_{p_{2}}^{re1}+l^{\gamma})$ $U^{\sim}\otimes C_{0}^{\infty}(\mathbb{R}^{3})$ $($resp. $\ell^{2}(\mathbb{Z}_{2})\otimes C_{0}^{\infty}(\mathbb{R}^{3}))$
$(f, e^{-t(h_{z_{2}}^{rc\cdot 1}+V)}g)= \sum_{\alpha--1,2}\int_{\mathbb{R}^{3}}dx\mathbb{E}_{P\cross\mu\cross\nu}^{r,\alpha,0}[e^{T_{t}^{\Psi}}\overline{f(B_{0},\theta_{A_{0}^{r}})}g(B_{T_{t}^{\Psi}}, \theta_{N_{T_{t}^{\Psi}}})e^{S^{\Psi}}]$ (3.44)






: $S=- \frac{1}{2}[_{\sqrt{b_{1}^{2}+b_{2}^{2}}}b_{3}$ $\sqrt{b_{1}^{2}+b_{2}^{2}}-b_{3}],$ $h_{1/2}^{0}= \frac{1}{2}p^{2}+S$ . $S$ $\frac{1}{2}p^{2}$
$\kappa=\kappa_{1}+\kappa_{2}+\kappa_{3}$ .
$h_{1/2}^{re1}(0)=\sqrt{2(l_{l_{1’ 2}^{0}}-\mathcal{E}[h_{1’ 2}^{0}])+m^{2}}-m$
$|(f, Sf)| \leq\kappa(f, \frac{1}{2}p^{2}f)+\kappa’\Vert f||^{2}$
$||\sqrt{p^{2}+m^{2}}f||^{2}\leq||(f\iota_{1’ 2}^{re1}(0)+rr\iota)f\Vert^{2}+\kappa||\sqrt{p^{l}+m^{2}}f.||^{2}+(2|\mathcal{E}[h_{1/2}^{0}]|+\kappa’)\Vert f||^{2}$ .
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$\Vert Vf\Vert\leq A\Vert\sqrt{p^{2}+\gamma\gamma\iota^{2}}f\Vert+A’\Vert f\Vert$
$||Vf||\leq A(1-\kappa)^{-1/2}||f\iota_{1’ 2}^{re1}(0)f\Vert+(A’+Arn+A\sqrt{2|\mathcal{E}[h_{1/2}^{0}]|+\kappa’})\Vert f\Vert$
. (3) $V$ $f\iota_{1/2}^{1e1}(0)$ $A(1-\kappa)^{-1’ 2}<1$
, 1 . $\mathbb{C}^{2}\otimes C_{0}^{\infty}(\mathbb{R}^{3})$ $h_{1’ 2}^{re1}+V$
312 .
$\int_{0}^{\infty}d^{Y}\int_{\mathbb{R}^{3}}dy(2\pi s)^{-3\prime 2}e^{-L\text{ }}\cdot 2|\log(U_{1}(y))|=\int_{\mathbb{R}^{3}}\frac{|\log(\frac{1}{2}\sqrt{b_{1}(y)^{2}+b_{2}(y)^{2}})|}{2\pi|x-y|}dy<\infty$
(3.28) . (3.44) 39 .
. .
$\tilde{h}_{1’ 2}^{re1}=\sqrt{2(f\iota_{1/2}-\mathcal{E}[h_{1’ 2}^{0}])+m^{2}}-m$ , $\tilde{h}_{\mathbb{Z}_{2}}^{re1}=\sqrt{2(l_{l_{Z_{2}}}-\mathcal{E}[h_{\mathbb{Z}_{2}}^{0}])+rr\iota^{2}}-m$
. $h_{Z_{2}}^{0}$ $h_{Z_{2}}$ $a$ $U_{1}$ $0$ $|U_{1}|= \frac{1}{2}$ $bY(x)+bIx)$
.
$(h_{\mathbb{Z}_{2}}^{0}f)(x, \theta)=(\frac{1}{2}p^{2}f)(x, \theta)-\frac{1}{2}\theta b_{3}(x)f(x,\theta)-\frac{1}{2}\sqrt{b_{1}(x)^{2}+b_{2}(x)^{2}}f(x, -\theta)$ .
$h_{\mathbb{Z}_{2}}^{0}$ $l \iota_{12}^{0}=\frac{1}{2}p^{2}-\frac{1}{2}[_{\sqrt{b_{1}^{2}+b_{2}^{2}}}b_{3}$ $\sqrt{b_{1}^{2}+b_{2}^{2}}-b_{3}]$ . $h_{1’ 2}-\mathcal{E}[h_{1’ 2}^{0}]\geq$
$0$ $h_{Z_{2}}-\mathcal{E}[f\iota_{Z_{2}}^{0}]\geq 0$ .
$h_{\mathbb{Z}_{2}}^{re1}(0)=\sqrt{2(h_{z_{2}}^{0}-\mathcal{E}[h_{Z_{2}}^{0}])+m^{2}}-m$
.
314 ( ) 3.13 .
$|(f,$ $e^{-t(\prime\iota_{z_{2}}^{r\epsilon 1}+V)_{g)}}-|\leq(|f|,$ $e^{-t(\prime\iota_{z_{2}^{\epsilon 1}}^{1}(0)+V)}|g|).$ (3.45)
$\mathcal{E}[h_{1/2}^{re1}(0)+l/’]\leq \mathcal{E}[\tilde{h}_{1/2}^{re1}+V]$ .
3.4
$b_{1}(x)-i\theta b_{2}(x)$ $x\in \mathbb{R}^{d}$ .
$\int_{0}^{\infty}|1<\infty$
. [HL08] . $\delta_{\epsilon}(z)=\{\begin{array}{l}1, |z|<\epsilon/2, , z\in \mathbb{C},0, |z|\geq\epsilon/2,\end{array}$
$\chi_{\epsilon}(z)=z+\epsilon\delta_{\epsilon}(z)$ .
$| \chi_{\epsilon}(-\frac{1}{2}(b_{1}(x)-i\theta b_{2}(x)))|>\epsilon 2$ , $(x, \theta)\in \mathbb{R}^{3}\cross \mathbb{Z}_{2}$
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. $h_{\mathbb{Z}_{2}}^{\epsilon}$ $h_{\mathbb{Z}_{2}}$ $\chi_{\epsilon}(-\frac{1}{2}(b_{1}(x)-i\theta b_{2}(x)))$
.
$h_{Z_{2}}^{\epsilon_{d}}f(x, \theta)=(h-\frac{1}{2}\theta b_{3}(x))f(x, \theta)+\chi_{\epsilon}(-\frac{1}{2}(b_{1}(x)-i\theta b_{2}(x)))f(x, -\theta)$.
$h$ $D$ ( ) . $f\iota_{\mathbb{Z}_{2}}^{re1,\epsilon}=\sqrt{2\overline{f\iota_{\mathbb{Z}_{2}}^{\epsilon}}+m^{2}}-m$ . –f$\iota\epsilon \mathbb{Z}$
2
$=h$
$\mathcal{E}[h_{\mathbb{Z}_{2}}^{\epsilon}]$ . $f\iota_{\mathbb{Z}_{2}}^{\epsilon}arrow h_{\mathbb{Z}_{2}}(\epsilon\downarrow 0)$ $\mathcal{E}[h_{\mathbb{Z}_{2}}^{\epsilon}]arrow \mathcal{E}[h_{\mathbb{Z}_{2}}]$
$(\epsilon\downarrow 0)$ . 313 ( (4) ) $h_{\mathbb{Z}_{2}}^{rc1,\epsilon}\backslash$ $\ell^{2}(\mathbb{Z}_{2})\otimes C_{0}^{\infty}(\mathbb{R}^{3})$
. $h_{\mathbb{Z}_{2}}^{re1,\epsilon}+\mathfrak{s}^{\gamma}$, (3.44) $S_{\dot{b}}^{\Psi}pin$
$S_{slit1}^{\Psi})(\epsilon)=\int_{0}^{\tau_{t^{\Psi}}}’(\frac{1}{2}b_{3}(B_{s})\theta_{N_{\theta}}-\mathcal{E}[h_{l_{2}}^{\epsilon}])ds$
$+ \int_{0’}^{I_{t^{\Psi}}+}\log(-\chi_{\epsilon}(-\frac{1}{2}(b_{1}(B_{s})-i\theta_{A_{s-}^{r}}b_{2}(B_{s}))))dN_{s}$
. liir$\iota_{\epsilon\downarrow 0}\exp(-t(f\iota_{\mathbb{Z}_{2}}^{re1,\epsilon}+V))=\exp(-t(h_{Z_{2}}^{re1}+V))$ ,
.
315 $(A4)$ $3.13(1)-(3)$ . $h_{\mathbb{Z}_{2}}^{re1}+V$
$(f, e/2g)= \lim_{\epsilon\downarrow 0}\sum_{\mathfrak{c}x=1’2}\int_{\mathbb{R}^{3}}dx\mathbb{E}_{P\cross\mu\cross\nu}^{\iota,\alpha,0}[e^{T_{t}^{\Psi}}\overline{f(B_{0},\theta_{N_{0}})}g(B_{T_{t}^{\Psi}}, \theta_{N_{T_{t}^{\Psi}}})e^{S^{\Psi}(\epsilon)}]$ (3.46)
. $S^{\Psi}(\epsilon)=S_{V}^{\Psi}+S_{a}^{\Psi}+S_{S}^{\Psi}I)in(\epsilon)$ .
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